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1
METHODS OF TREATING PATIENTS
CO-INFECTED WITH HIV AND
TUBERCULOSIS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit under
35 U.S.C. 119(e) of U.S. Provisional Patent Application Ser.
No. 61/936,241, filed Feb. 5, 2014, the disclosure of which
is hereby incorporated by reference in its entirety.

FIELD

The disclosure describes methods and uses for treatment
of patients co-infected with HIV and tuberculosis, wherein
the patient receives effective amounts of elvitegravir, an
antimycobacterial agent and a CYP inhibitor.

BACKGROUND

The integrase inhibitor elvitegravir (EVG) and pharma-
cokinetic (PK) enhancer cobicistat (COBI) are components
within the single tablet regimen EVG/COBI/emtricitabine
(FTC)tenofovir disoproxil fumarate (TDF) (STRIBILD) for
HIV treatment. Rifabutin (RFB) is an antimycobacterial
agent used to prevent/treat disseminated mycobacterium
avium complex disease and to treat tuberculosis (TB), when
combined with other drugs. Previous research identified
substantially lower COBI and EVG exposures upon coad-
ministration with RFB. S. Ramanathan, 13” Int’l Workshop
on Clinical Pharmacology of HIV Therapy, Barcelona Spain
(Apr. 16-18, 2012). As a result, it was determined that
“coadmistration of elvitegravir with dose-reduced rifabutin
is not recommended.” Id.

Because there is a high incidence of patients co-infected
with HIV and tuberculosis, a need exists for HIV treatment
regimens which can be used in conjunction with tuberculosis
treatment regimens.

SUMMARY

The present disclosure provides a method for treating a
patient co-infected with human immunodeficiency virus
(HIV) and tuberculosis (TB) comprising: administering an
integrase inhibitor, an antimycobacterial agent and a
cytochrome P450 (CYP) inhibitor to the patient; and achiev-
ing a C,,,, of the integrase inhibitor that exceeds its ICy5. An
embodiment provides an integrase inhibitor, an antimyco-
bacterial agent and a cytochrome P450 (CYP) inhibitor for
use in a method of treating a patient co-infected with human
immunodeficiency virus (HIV) and tuberculosis (TB),
wherein the method comprises administering the integrase
inhibitor, the antimycobacterial agent and the cytochrome
P450 (CYP) inhibitor to the patient; and achieving a C,,,, of
the integrase inhibitor that exceeds its 1C,;.

One embodiment provides a method for treating a patient
co-infected with human immunodeficiency virus (HIV) and
tuberculosis (TB) comprising: administering elvitegravir, an
antimycobacterial agent and a cytochrome P450 (CYP)
inhibitor to the patient; and achieving a C,,,, of elvitegravir
that exceeds its ICy5. An embodiment provides elvitegravir,
an antimycobacterial agent and a cytochrome P450 (CYP)
inhibitor for use in a method of treating a patient co-infected
with human immunodeficiency virus (HIV) and tuberculosis
(TB), wherein the method comprises administering elvite-
gravir, the antimycobacterial agent and the cytochrome P450
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(CYP) inhibitor to the patient; and achieving a C
elvitegravir that exceeds its ICys.

One embodiment provides the use of a cytochrome P450
(CYP) inhibitor at a daily dose of about 300 mg in combi-
nation with elvitegravir and an antimycobacterial agent for
treating a patient co-infected with human immunodeficiency
virus (HIV) and tuberculosis (TB). Another embodiment
provides the use a cytochrome P450 (CYP) inhibitor at a
daily dose of about 300 mg in combination with an integrase
inhibitor and an antimycobacterial agent for the prevention
of HIV and/or TB. One embodiment provides a cytochrome
P450 (CYP) inhibitor in combination with elvitegravir and
an antimycobacterial agent for use in treating a patient
co-infected with human immunodeficiency virus (HIV) and
tuberculosis (TB), wherein the CYP inhibitor is adminis-
tered at a daily dose of about 300 mg. Another embodiment
provides a cytochrome P450 (CYP) inhibitor in combination
with an integrase inhibitor and an antimycobacterial agent
for use in the prevention of HIV and/or TB, wherein the
CYP inhibitor is administered at a daily dose of about 300
mg.

One embodiment provides the use of a cytochrome P450
(CYP) inhibitor twice daily (e.g. at a dose of about 150 mg)
in combination with an integrase inhibitor and an antimy-
cobacterial agent for treating a patient co-infected with
human immunodeficiency virus (HIV) and tuberculosis
(TB). Another embodiment provides the use a cytochrome
P450 (CYP) inhibitor twice daily (e.g. at a dose of about 150
mg) in combination with an integrase inhibitor and an
antimycobacterial agent for the prevention of HIV and/or
TB. One embodiment provides cytochrome P450 (CYP)
inhibitor in combination with an integrase inhibitor and an
antimycobacterial agent for use in treating a patient co-
infected with human immunodeficiency virus (HIV) and
tuberculosis (TB), wherein the CYP inhibitor is adminis-
tered twice daily (e.g. at a dose of about 150 mg). Another
embodiment provides a cytochrome P450 (CYP) inhibitor in
combination with an integrase inhibitor and an antimyco-
bacterial agent for use in the prevention of HIV and/or TB,
wherein the CYP inhibitor is administered twice daily (e.g.
at a dose of about 150 mg).

One embodiment provides a method for prevention of
HIV and/or TB comprising: administering elvitegravir, an
antimycobacterial agent and a cytochrome P450 (CYP)
inhibitor to the patient; and achieving a C,,, of elvitegravir
that exceeds its ICy5. An embodiment provides elvitegravir,
an antimycobacterial agent and a cytochrome P450 (CYP)
inhibitor for use in a method for the prevention of HIV
and/or TB, wherein the method comprises administering
elvitegravir, the antimycobacterial agent and the cytochrome
P450 (CYP) inhibitor to the patient; and achieving a C,,,, of
elvitegravir that exceeds its ICgs.

In another embodiment, the integrase inhibitor is elvite-
gravir, raltegravir or dolutegravir. In another embodiment,
the CYP inhibitor is cobicistat. In another embodiment, the
CYP inhibitor is ritonavir. In another embodiment, the
antimycobacterial agent is rifabutin.

In another embodiment, the integrase inhibitor, such as
elvitegravir, is administered to the patient once a day. In
another embodiment, the CYP inhibitor is administered to
the patient at least twice a day. In another embodiment, the
CYP inhibitor is administered to the patient in two different
dosages: a first dose which is coadministered with the
integrase inhibitor, such as elvitegravir, and a second dose
without the integrase inhibitor, such as elvitegravir. In
another embodiment, the first dose further comprises emtric-
itabine and tenofovir disoproxil fumarate or tenofovir alafe-
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namide fumarate. In another embodiment, the first dose is a
single tablet regimen comprising the integrase inhibitor,
cobicistat, emtricitabine and tenofovir disoproxil fumarate
or tenofovir alafenamide fumarate. In another embodiment,
the second dose consists essentially of cobicistat.

Another embodiment provides further administration of at
least one compound selected from the group consisting of
emtricitabine, tenofovir disoproxil fumarate, tenofovir alafe-
namide fumarate, atazanavir, lopinavir, darunavir, fosam-
prenavir and tipranavir. In one embodiment, the disclosure
provides further administration of at least one compound
selected from the group consisting of emtricitabine, tenofo-
vir disoproxil fumarate, and tenofovir alafenamide fumarate.

In another embodiment, rifabutin is administered to the
patient once every other day.

Another embodiment provides an inhibitory quotient (IQ)
of elvitegravir that is greater than 1, 2,3, 4,5, 6,7, 8, 9 or
10. Another embodiment further comprises achieving a C,,,,
of the integrase inhibitor, such as elvitegravir, that exceeds
its ICy5 by at least 5-fold. Another embodiment further
comprises achieving a C,,,, of the integrase inhibitor, such as
elvitegravir, that exceeds its ICy5 by at least 10-fold.

In another embodiment, the CYP inhibitor is administered
to the patient at about 50 mg, about 75 mg, about 100 mg,
about 125 mg, about 150 mg, about 175 mg, about 200 mg,
about 225 mg, about 250 mg, about 275 mg, or about 300
mg, once, twice or three times a day. In another embodiment,
the CYP inhibitor is administered to the patient at about 50
mg to 300 mg, at about 100 mg to 200 mg, or about 125 mg
to 175 mg, twice per day. In another embodiment, the CYP
inhibitor is administered to the patient at about 150 mg,
twice per day.

In another embodiment, rifabutin is administered at about
100 mg, 150 mg, 200 mg, 250 mg, 300 mg, 350 mg, or 400
mg dose to the patient, once a day or once every other day
or once every third day. In another embodiment, rifabutin is
administered at about 100 mg to 500 mg, or about 200 mg
to 400 mg, once a day or once every other day or once every
third day. In another embodiment, rifabutin is administered
at about 300 mg once every other day.

In another embodiment, elvitegravir is administered to the
patient at about 50 mg, about 75 mg, about 100 mg, about
125 mg, about 150 mg dose, about 175 mg, about 200 mg,
about 225 mg, about 250 mg, about 275 mg, or about 300
mg, once, twice or three times a day or once every other day.
In another embodiment, elvitegravir is administered to the
patient at about 50 mg to 300 mg, at about 100 mg to 200
mg, or about 125 mg to 175 mg, once per day. In another
embodiment, elvitegravir is administered to the patient at
about 150 mg, once per day.

In another embodiment, the antimycobacterial activity of
rifabutin is increased from the co-administration of the CYP
inhibitor. In another embodiment, the amount of an antimy-
cobacterial metabolite of rifabutin, 25-O-desacetylrifabutin,
is increased from the co-administration of the CYP inhibitor.

Another embodiment provides a pharmaceutical compo-
sition comprising an integrase inhibitor, rifabutin and a
cytochrome P450 (CYP) inhibitor. In another embodiment,
the CYP inhibitor is cobicistat. In another embodiment, the
CYP inhibitor is ritonavir. In another embodiment, the
integrase inhibitor is elvitegravir. In another embodiment,
the integrase inhibitor is dolutegravir.

In some embodiments and uses of the invention, cobi-
cistat is administered to the patient at a dose of about 150
mg, twice per day, elvitegravir is administered to the patient
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at a dose of about 150 mg, once per day, and rifabutin is
administered to the patient at a dose of about 150 mg once
every other day.

Another embodiment provides a pharmaceutical compo-
sition consisting essentially of an integrase inhibitor, rifabu-
tin and a cytochrome P450 (CYP) inhibitor. In another
embodiment, the CYP inhibitor is cobicistat. In another
embodiment, the CYP inhibitor is ritonavir. In another
embodiment, the integrase inhibitor is elvitegravir. In
another embodiment, the integrase inhibitor is dolutegravir.

An embodiment provides an integrase inhibitor (e.g.
elvitegravir), an antimycobacterial agent (e.g. rifabutin) and
a cytochrome P450 (CYP) (e.g. cobicistat) for use in
therapy, e.g. in treating a patient co-infected with human
immunodeficiency virus (HIV) and tuberculosis (TB), or in
preventing HIV and/or TB.

In certain embodiments, “preventing HIV and/or TB”
means preventing HIV. In other embodiments, “preventing
HIV and/or TB” means preventing TB. In other embodi-
ments, “preventing HIV and/or TB” means preventing TB
and HIV.

DETAILED DESCRIPTION

In the treatment of HIV, it is important that concentrations
of HIV drugs be high enough to inhibit HIV replication. If
this does not happen, HIV can continue to replicate thereby
contributing to resistance, resulting in HIV strains that are
not responsive to antiretroviral therapy. At such point, higher
amounts of HIV drugs, such as protease and integrase
inhibitors, are required to inhibit replication, which leads to
drug toxicity.

Accordingly, to avoid resistance, drug failure and ulti-
mately drug toxicity, HIV inhibitors should maintain in vivo
Corougns (Cray) Well above their IC,5 values. HIV inhibitors
with Ctroughs below their ICy5 value results in HIV inhibi-
tor-resistant viruses and patients with virologic failure.

The inhibitory quotient (IQ) is expressed as the actual
Clrougn Over that of the in vitro inhibitory concentration of
the HIV virus, determined using phenotypic assays (i.e.,
1Q=C,,4,,2#/1Cos). In essence, the IQ or C,,,, over ICys is a
buffer zone between drug concentrations that are active
against drug-resistant or wild-type virus and drug concen-
trations that allow for the emergence of drug-resistance
mutants. Consequently, drugs with the lowest 1Q are more
likely to be associated with poor virologic outcome, whereas
those with high 1Qs are more likely to stay on top of—and
maintain control of—viral replication. The dosing regimen
provided herein provides an 1Q of greater than 10 for
elvitegravir.

Rifabutin is an antimycobacterial agent used to prevent/
treat disseminated mycobacterium avium complex disease
and to treat tuberculosis (when combined with other drugs).
Previous research identified substantially lower COBI and
EVG exposures upon coadministration with RFB. S. Ram-
anathan, 13” Int’l Workshop on Clinical Pharmacology of
HIV Therapy, Barcelona Spain (Apr. 16-18, 2012). As a
result, it was determined that “coadmistration of elvitegravir
with dose-reduced rifabutin is not recommended.” Id.

As described herein, upon co-dosing with cobicistat twice
daily (BID), RFB exposures (AUC,,,, and C,, , ) were within
the predefined no-effect boundary, while EVG and RFB C,,,,
were modestly higher (59% and 41%, respectively), versus
reference treatments. Importantly, EVG C,,,, the parameter
best associated with antiviral activity or failure if too low,
was >10-fold above the ICy5 (45 ng/mL). Additionally, the
exposure of 25-O-desacetylrifabutin (RFB metabolite con-
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tributing ~10% of total antimycobacterial activity) were
markedly higher (~12-fold) following EVG QD (once
daily)+COBI BID+RFB QOD (once every other day) versus
RFB alone. A total increase in antimycobacterial activity
(parent plus metabolite) was less than 2-fold. Accordingly,
twice daily administration of COBI with once daily EVG
mitigated the effect of RFB induction upon their coadmin-
istration, resulting in a C,,,, of elvitegravir that is many-fold
above the ICy5 of elvitegravir, with an IQ greater than 10.

An “antimycobacterial agent” refers to an agent which
treats mycobacterial infections, specifically tuberculosis.
Examples include rifabutin (RFB), ethambutol, isoniazid,
pyrazinamide, rifampicin, streptomycin, amikacin, kanamy-
cin, capreomycin, viomycin, enviomycin, ciprofloxacin,
levofloxacin, moxifloxacin, ethionamide, prothionamide,
cycloserine, closerin, terizidone, clarithromycin, linezolid,
thioacetazone, thioridazine and R207910.

“Crai.” 0r “C,,0” 15 @ pharmacokinetic (PK) parameter
that refers to the concentration of the drug at the end of the
dosing interval. This parameter is obtained by direct mea-
surement of the drug concentrations in a plasma sample
collected from the study subject at the end of the dosing
interval (i.e., 24 hours post-dose) using a validated high-
performance liquid chromatography/tandem mass spectrom-
etry (HPLC/MS/MS) bioanalytical assay.

“Cobicistat” refers to 1,3-thiazol-5-ylmethyl (2R,5R)-(5-
{[(28)-2-[(methyl{[2-(propan-2-y1)-1,3-thiazol-4-yl]
methyl}carbamoyl)amino]]-4-(morpholin-4-yl)butana-
mido}-1,6-diphenylhexan-2-yl)carbamate) and has been
shown to be a mechanism-based inhibitor of CYP3A
enzymes with greater specificity than ritonavir. Xu et al.,
ACS Med. Chem. Lett. (2010), 1, pp. 209-13.

A “cytochrome P450 inhibitor” or CYP inhibitor refers to
a mechanistic based inhibitor of CYP. Examples include
cobicistat and ritonavir.

As used herein, the term “co-administer” refers to admin-
istration of two or more agents within a 24 hour period of
each other, for example, as part of a clinical treatment
regimen. In other embodiments, “co-administer” refers to
administration of two or more agents within 2 hours of each
other. In other embodiments, “co-administer” refers to
administration of two or more agents within 30 minutes of
each other. In other embodiments, “co-administer” refers to
administration of two or more agents within 15 minutes of
each other. In other embodiments, “co-administer” refers to
administration at the same time, either as part of a single
formulation or as multiple formulations that are adminis-
tered by the same or different routes.

As used herein, “co-infection” is the simultaneous infec-
tion of a patient by multiple pathogen species. Co-infection
is of particular human health importance because pathogen
species can interact within the host yielding a net effect often
greater than the individual infections. A globally common
co-infection involves tuberculosis and HIV.

“Emtricitabine” or “FTC” refers to (2R,58S,cis)-4-amino-
5-fluoro-1-(2-hydroxymethyl-1,3-oxathiolan-5-y1)-(1H)-
pyrimidin-2-one. Honde et al., J. Pharm. Res. and Clin.
Practice, (2011), 1(4), pp. 51-66.

“ICqs” or “ECqs” refers to the inhibitory concentration
required to achieve 95% of the maximum desired effect,
which in the case of EVG is the inhibition of the HIV virus.
This term is obtained using an in vitro assay evaluating the
concentration-dependent inhibition of wild type HIV virus.

“IQ” or “inhibitory quotient” refers to the ratio between
the trough drug concentration (C,,,) and level of drug
resistance of the HIV isolate as determined by the ICy; (i.e.
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“Rifabutin” (RFB) or “Mycobutin” refers to the com-
pound  1'4-didehydro-1-deoxy-1,4-dihydro-5'-(2-methyl-
propyl)-1-oxorifamycin XIV or (9S,12E,14S,15R,168,17R,
18R,19R,208,218,22E,247)-6,16,18,20-tetrahydroxy-1'-
isobutyl-14-methoxy-7,9,15,17,19,21,25-heptamethyl-spiro
[9,4-(epoxypentadeca[1,11,13]trienimino)-2H-furo[2',3":7,
8]naphth[1,2-d]imidazole-2,4"-piperidine]-5,10,26-(3H,
9H)-trione-16-acetate. Brogden et al., Drugs (1994), vol. 47,
6, pp. 983-1009.

“Ritonavir” refers to the compound 1,3-thiazol-5-ylm-
ethyl N-[(25,38,5S)-3-hydroxy-5-[(2S)-3-methyl-2-{
[methyl({[2-(propan-2-y1)-1,3-thiazol-4-yl]methyl } )car-
bamoyl]amino } butanamido]-1,6-diphenylhexan-2-yl]
carbamate) and is a CYP inhibitor. Xu et al., ACS Med.
Chem. Lett. (2010), 1, 209-13.

“Tenofovir alafenamide” or “TAF” is {9-[(R)-2-[[(S)—
[[(S)-1-(isopropoxycarbonyl)ethyl]amino|phenoxyphosphi-
nyl]-methoxy]propyl]adenine}. TAF may be associated with
fumarate, such as monofumarate and hemifumarate. See e.g.
U.S. Pat. Nos. 7,390,791, 7,803,788, and 8,754,065.

“Tenofovir disoproxil” or “TD” is 9-[(R)-2-[[bis[[(iso-
propoxycarbonyl)oxy |methoxy|phosphinyl|methoxy|pro-
pylladenine. TD may be associated with fumarate, such as
monofumarate. See e.g. U.S. Pat. Nos. 5,922,695, 5,935,
946, and 5,977,089.

“Therapeutically effective amount™ refers to that amount
of the compound being administered which will prevent a
condition, or will relieve to some extent one or more of the
symptoms of the disorder being treated. Pharmaceutical
compositions suitable for use herein include compositions
wherein the active ingredients are contained in an amount
sufficient to achieve the intended purpose. Determination of
a therapeutically effective amount is well within the capa-
bility of those skilled in the art, especially in light of the
detailed disclosure provided herein. As used herein, treat-
ment refers to inhibition, reduction, elimination or allevia-
tion of a disease as well as prevention.

The present invention also provides a method for the
treatment or prophylaxis of diseases, disorders, and condi-
tions. An example of a disease, disorder, or condition
includes, but is not limited to, a retrovirus infection, or a
disease, disorder, or condition associated with a retrovirus
infection. Retroviruses are RNA viruses and are generally
classified into the alpharetrovirus, betaretrovirus, deltaret-
rovirus, epsilonretrovirus, gammaretrovirus, lentivirus, and
spumavirus families. Examples of retroviruses include, but
are not limited to, human immunodeficiency virus (HIV),
human T-lymphotropic virus (HTLV), rous sarcoma virus
(RSV), and the avian leukosis virus. In general, three genes
of the retrovirus genome code for the proteins of the mature
virus: gag (group-specific antigen) gene, which codes for the
core and structural proteins of the virus; pol (polymerase)
gene, which codes for the enzymes of the virus, including
reverse transcriptase, protease, and integrase; and env (enve-
lope) gene, which codes for the retrovirus surface proteins.

Retroviruses attach to and invade a host cell by releasing
a complex of RNA and the pol products, among other things,
into the host cell. The reverse transcriptase then produces
double stranded DNA from the viral RNA. The double
stranded DNA is imported into the nucleus of the host cell
and integrated into the host cell genome by the viral inte-
grase. A nascent virus from the integrated DNA is formed
when the integrated viral DNA is converted into mRNA by
the host cell polymerase and the proteins necessary for virus
formation are produced by the action of the virus protease.
The virus particle undergoes budding and is released from
the host cell to form a mature virus.
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The active agents may be administered to a human in any
conventional manner. While it is possible for the active
agents to be administered as compounds, they are preferably
administered as a pharmaceutical composition. The salt,
carrier, or diluent should be acceptable in the sense of being
compatible with the other ingredients and not deleterious to
the recipient thereof. Examples of carriers or diluents for
oral administration include cornstarch, lactose, magnesium
stearate, talc, microcrystalline cellulose, stearic acid, povi-
done, crospovidone, dibasic calcium phosphate, sodium
starch glycolate, hydroxypropy! cellulose (e.g., low substi-
tuted hydroxypropy! cellulose), hydroxypropylmethyl cel-
Iulose (e.g., hydroxypropylmethyl cellulose 2910), and
sodium lauryl sulfate.

The pharmaceutical compositions may be prepared by any
suitable method, such as those methods well known in the
art of pharmacy, for example, methods such as those
described in Gennaro et al., Remington’s Pharmaceutical
Sciences (18th ed., Mack Publishing Co., 1990), especially
Part 8: Pharmaceutical Preparations and their Manufacture.
Such methods include the step of bringing into association
the compounds with the carrier or diluent and optionally one
or more accessory ingredients. Such accessory ingredients
include those conventional in the art, such as, fillers, binders,
excipients, disintegrants, lubricants, colorants, flavoring
agents, sweeteners, preservatives (e.g., antimicrobial preser-
vatives), suspending agents, thickening agents, emulsifying
agents, and/or wetting agents.

In practice, the amount of each compound (e.g. the
compounds described herein) to be administered ranges
from about 0.001 to 100 mg per kg of body weight, such
total dose being given at one time or in divided doses. Each
compound may be administered alone or in combination
with one or more other drugs (e.g. the compounds and
combinations disclosed herein). Generally, each compound
will be administered as a formulation in association with one
or more pharmaceutically acceptable excipients. The choice
of excipient will to a large extent depend on factors such as
the particular mode of administration, the effect of the
excipient on solubility and stability, and the nature of the
dosage form.

Provided herein is a product comprising an integrase
inhibitor, an antimycobacterial agent and a cytochrome P450
(CYP) inhibitor as a combined preparation for simultaneous,
separate or sequential use in a method described herein, e.g.
a method of treating a patient co-infected with human
immunodeficiency virus (HIV) and tuberculosis (TB), or for
the prevention of HIV and/or TB.

Pharmaceutical compositions suitable for the delivery of
compounds described herein and methods for their prepa-
ration will be readily apparent to those skilled in the art.
Such compositions and methods for their preparation may be
found, for example, in Remington’s Pharmaceutical Sci-
ences, 19th Edition (Mack Publishing Company, 1995).

In the following description of the examples, specific
embodiments in which the invention may be practiced are
described. These embodiments are described in sufficient
detail to enable those skilled in the art to practice the
invention. Other embodiments may be utilized, and logical
and other changes may be made without departing from the
scope of the invention. The following detailed description is,
therefore, not to be taken in a limiting sense, and the scope
of the invention is defined only by the appended claims,
along with the full scope of equivalents to which such claims
are entitled.
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8
EXAMPLES

Example 1

A Pharmacokinetic Interaction Between Cobicistat
Boosted-Elvitegravir in Combination with
Rifabutin, Utilizing Twice Daily Administration of
Cobicistat to Overcome Rifabutin-Mediated
Induction

The effects of a second daily dose (PM dosing) of 150 mg
Cobicistat (COBI, co), in combination with Rifabutin (RFB;
QOD dosing) with the Composition (EVG/COBI); QD, AM
dosing) were determined. This study evaluated the steady-
state pharmacokinetics and safety of the coadministered
Composition and an additional dose of COBI in combination
with RFB QOD.

Methods

In this single cohort, open label, fixed sequence study,
healthy volunteers were administered study treatments as
follows: the Composition (EVG 150 mg and COBI 150 mg)
QD for 10 days (treatment 1), the Composition QD, morning
dose and COBI (150 mg QD, evening dose) and Rifabutin
(150 mg QOD, morning dose) (treatment 2) and then RFB
300 mg QD (treatment 3). Lack of PK alteration bounds for
90% confidence intervals (CI) about the geometric mean
ratio (GMR) (coadministration: alone) were 70-143% for
EVG and RFB.

Results

All subjects (N=14) completed the study. All treatments
were generally well tolerated and no Grade 2, 3, 4, or serious
adverse events were observed. The most frequently
observed adverse events in the study were not unexpected
and were in line with previous studies with these agents and
included infections and infestations (~36% RFB+COBI+the
Composition), skin and subcutaneous tissue disorders
(~21% the Composition), nervous system disorders (~21%
RFB+COBI+the Composition) and Renal and urinary dis-
orders (~21% RFB+COBIl+the Composition). Pharmacoki-
netic results were as shown in Table 1:

TABLE 1

% GMR (90% CI)

EVG; (n = 14) RFB (n = 14)
AUC,, 114.79 (107.32, 122.78)  114.44 (100.27, 130.62)
Corer 100.32 (93.42, 107.74) 116.26 (101.44, 133.23)
Crone 159.08 (134.60, 188.00)  140.76 (123.76, 160.09)

Total antimycobacterial activity increased 1.76-fold (90%
CI: 1.58, 1.96). The Composition exposures were main-
tained in the presence of RFB dosing by the second (PM)
dose of COBI; in particular the EVG C,,,, was >10-fold
above the ICy5 (45 ng/ml), via maintenance of COBI-
mediated inhibition of CYP3A4 throughout the Composi-
tion’s dosing interval (24 hrs) as EVG undergoes CYP3A4
metabolism and RFB is a CYP3A4 inducer. Based on these
data, twice daily administration of COBI with once daily
EVG mitigated the effect of RFB induction upon their
coadministration.

The second, evening dose of 150 mg COBI was selected
based two different studies, wherein the first study ritonavir
exposure was maintained through the end of the dosing
interval, corresponding to achieving bioequivalent EVG
when co-administered with RFB QOD. In the second study,
both EVG and COBI levels were maintained through ~18
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hrs, but were 70% lower by 24 hrs post dose when co-
administered with RFB. The additional evening dose of
COBI was intended to bolster CYP3A inhibition and there-
fore maintain EVG levels throughout the Composition dos-
ing interval of 24 hrs, with a goal of obtaining an EVG
C,,.>>10x the 1C95 (45 ng/mL.), without significantly affect-
ing overall EVG exposures. As RFB is a CYP3A4 substrate
as well, consideration was also given to maintaining clini-
cally acceptable RFB exposures, based on currently
approved labeled use of RFB that recommends RFB 150 mg
QOD regimen with boosted PI ARV regimens. Thus, the
dosing regimen of the Composition (QD, morning dose)
plus 150 mg COBI (QD, evening dose) plus RFB (QOD,
morning dose) provides clinically equivalent exposures of
EVG throughout the 24 hr dosing interval of the Composi-
tion as compared with no COBI evening dose, and clinically
equivalent exposures of RFB throughout the 48 hr dosing
interval as compared with dosing of RFB (300 mg QD)
alone.

Following dosing of the Composition plus 150 mg COBI
(QD, evening dose) plus RFB (QOD, morning dose), EVG
and RFB exposures (AUC,,, and C,, ) were within the
predefined no-effect boundary (70-143%), while EVG and
RFB C,,,, were modestly higher (59% and 41%, respec-
tively), versus reference treatments. Importantly, EVG C,,,,,
the parameter best associated with antiviral activity, was
>10-fold above the ICq5 (45 ng/mL.). Consistent with COBI
BID dosing, COBI exposures were markedly higher follow-
ing dosing of the Composition plus 150 mg COBI (QD,
evening dose) plus RFB (QOD, morning dose), vs reference
treatment. Also, the exposure of 25-O-desacetylrifabutin
(CYP3A-metabolized RFB metabolite, contributing ~10%
of total antimycobacterial activity) were markedly higher
(~12-fold) following dosing of the Composition plus 150 mg
COBI (QD, evening dose) plus RFB (QOD, morning dose).
However, the total increase in antimycobacterial activity
(parent plus metabolite) was less than 2-fold, which is
consistent with the change in anti-mycobacterial activity
observed upon coadministration with boosted-protease
inhibitor regimens. Accordingly, an additional evening dose
of 150 mg COBI administered with the Composition in the
presence of RFB 150 mg QOD mitigates the effect of RFB
induction and maintain clinically equivalent exposures of
both the EVG and RFB.
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Consequently, an additional evening dose of 150 mg
COBI administered with the Composition (EVG/COBI) in
the presence of RFB 150 mg QOD maintains clinically
equivalent exposures of both EVG and RFB. Twice daily
administration of COBI with once daily EVG mitigated the
effect of RFB induction upon their co-administration.

The invention claimed is:

1. A method for treating a patient co-infected with human
immunodeficiency virus (HIV) and tuberculosis (TB) com-
prising: administering elvitegravir, rifabutin, and cobicistat
to the patient; and achieving a C,,, of elvitegravir that
exceeds its ICys, wherein elvitegravir is administered to the
patient once a day; and cobicistat is administered at least
twice a day in a first dose which is coadministered with
elvitegravir and a second dose without elvitegravir.

2. The method of claim 1, wherein the first dose further
comprises emtricitabine and tenofovir disoproxil fumarate
or tenofovir alafenamide fumarate.

3. The method of claim 2, wherein the first dose is a single
tablet regimen comprising elvitegravir, cobicistat, emtricit-
abine and tenofovir disoproxil fumarate or tenofovir alafe-
namide fumarate.

4. The method of claim 3, wherein the second dose
consists essentially of cobicistat.

5. The method of claim 1, wherein the rifabutin is
administered to the patient once every day.

6. The method of claim 1, wherein the rifabutin is
administered to the patient once every other day.

7. The method of claim 1, comprising achieving a C,,,, of
elvitegravir that exceeds its ICs,s by at least 5-fold.
8. The method of claim 7, comprising achieving a C,,,, of

elvitegravir that exceeds its IC,5 by at least 10-fold.

9. The method of claim 1, wherein each cobicistat dose is
administered to the patient at a 150 mg dose.

10. The method of claim 1, wherein the rifabutin is
administered at a 150 mg dose.

11. The method of claim 1, wherein elvitegravir is admin-
istered to the patient at a 150 mg dose.

12. The method of claim 1, wherein the antimycobacterial
activity of the rifabutin is increased from the co-adminis-
tration of the CYP inhibitor.

13. The method of claim 1, wherein the amount of a
metabolite of rifabutin, 25-O-desacetylrifabutin, is increased
from the co-administration of cobicistat.
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